ABSTRACT A study was conducted to determine the relationship between age of commercial broiler chickens and response to photostimulation. The chickens were brooded collectively for 1 wk and then separated into five light treatment groups with each group replicated three times using a completely randomized block design. After Week 1, the five light treatments applied were: 6, 5, 4, 3, and 2 wk of continuous supplementary lighting, respectively. Chickens were fed a corn-soybean meal basal diet containing 22% CP and 3,300 kcal ME/ kg of feed from day old to 7 wk.
INTRODUCTION
The assumption that supplementary lighting is necessary for broiler chicken production has excluded many small and rural farmers throughout the world from the commercial industry. Supplementary lighting for improving performance has been manipulated by lighting duration, intensity, and wave length (Zimmerman, 1988) . Although various management practices have been used to vary the duration and intensity of photostimulation, there have been mixed results, as there is increasing concern with livability (Classen and Riddell, 1989) , leg disorders (Robbins et al., 1984) , and greater relative growth percentage changes in BW (Renden et al., 1992) . Edwards et al. (1992) demonstrated a calcium by light interaction relative to 16-d BW and incidence of dyschondroplasia in broilers. Recently, high mortality from Sudden Death Syndrome, the leading cause of death of healthy growing broilers, has been associated with supplementary lighting intensity (Classen et al., 1991) .
There are reported data on the growth of broiler chickens reared under various lighting and feeding systems (Zimmerman, 1988) . Optimum growth and feed conversion were attained with chickens kept on continuous lighting, as compared to light regimens of less than 24 h of light/d (Beane et al., 1979) . Despite various assumptions that light increases growth and maturity as measured by BW and feed efficiency, there are concerns relating to the economics of production and health of broiler chickens. Therefore, the objectives of this study were: 1) to determine the age-related response of broiler chickens to photostimulation, and 2) to measure the effect of limited photostimulation on mortality and carcass development.
MATERIALS AND METHODS

Experimental Animals
Four hundred and fifty day-old unvaccinated broiler chicks (Cornish Rocks) were obtained from a commercial hatchery, sexed, wing-banded, and brooded collectively for 1 wk at 35 C. The chicks were reared on litter-floor, and fed a corn-soybean meal basal diet (22% CP and 3,300 kcal ME/kg) from day-old to 7 wk, when the study was FIGURE 1. Effects of photostimulation on body weights of male and female broiler chickens at 7 wk of age. Treatment 1 = control; 2 = 5WL; 3 = 4WL; 4 = 2WL; and 5 = 2WL; WL = weeks of continuous lighting.
terminated. The diets were supplemented with amino acids, minerals, and vitamins to meet or exceed all the National Research Council (1994) requirements. Feed and water were available for ad libitum consumption.
Experimental Layout
At 1 wk of age (after brooding) all supplementary lighting was turned off and the chickens in groups of 90 were placed into five treatment groups. The experimental design was a complete randomized block design. Two separate poultry houses of equal design and structure were used to block the experiment. One house allowed for the use of day-light only, whereas the other house allowed for a combination of daylight and supplementary lighting. Group 1, 90 chickens serving as the control, were divided into three replicates and transferred to the light-treated house to receive 6 wk of continuous lighting (6 WL). At 2 wk of age, another 90 chickens comprising Group 2, which were on daylight only, were transferred to the lighttreated house to receive 5 wk of continuous lighting (5 WL). After 3 wk of daylight only, another 90 chickens representing Group 3 were taken to the light-treated house to receive 4 wk of continuous supplementary lighting (4 WL). Chickens in Group 4, after 3 wk of daylight only, were transferred to the light-treated house to receive 3 wk of continuous lighting (3 WL). Group 5 (90 chicks), the last group, which had received 4 wk of daylight only, was transferred to the lighted house where they were treated with 2 wk of continuous lighting (2 WL).
The daylight in the light treatment house was supplemented with 60 W incandescent bulbs mounted approximately 3.05 m above the floor level. Supplementary light was turned on by a time clock at the end of the daylight period to provide 5.4 lx of continuous light intensity for each treatment. The stocking density in each treatment group was 0.07 m 2 of floor space per bird. The 24-h photostimulation was provided by a mixture of day light and incandescent light from placement to 7 wk of age. Both sides of the growing houses had open windows at the top and bottom to maximize the full effect of daylight.
Data Collection
Body weights and feed conversion ratio were measured weekly and deaths were recorded as they occurred. At 7 wk of age, the termination of the study, the chickens were stunned by electrical shock and the jugular vein severed. The chickens were bled for 2 min, scalded for 90 s, and processed at the Prairie View A&M University Research Processing Plant, utilizing the commercial procedures as described by Renden et al. (1991) . The carcasses were eviscerated and all organs, except for the gastrointestinal tract were separated, removed, and weighed before chilling. The weights of wings, drumsticks, thighs, and breast (all with skin) were measured and expressed as relative to BW and as absolute weight.
Data Analysis
Data for all response variables were subjected to a factorial analysis of variance (SAS Institute, 1987) . The main variables were light treatment and blocks. Duncan's multiple range test was used to identify significant differences among treatment means. All significant differences were accepted at P ≤ 0.05.
RESULTS AND DISCUSSION
At 7 wk of age (6 wk after brooding) significant (P ≤ 0.05) differences in BW occurred among the treatment groups (Table 1) . Group 5, which received 2 WL, had the highest mean BW compared to Group 1 control (6 WL); an improvement of approximately 7.2% (P ≤ 0.05). When BW were separated by sex, only the male chickens showed significant responses (P ≤ 0.05) to photostimulation at 7 wk of age (Figure 1) .
Differences in BW among the treatment groups at 7 wk of age varied with age and photostimulation. Group 5 (2 WL) had the largest BW among the groups, including the control (Group 1) that received 6 WL, when the sexes were combined. Depressed BW up to 42 d of age resulting from the lack of supplementary light was previously observed by Renden et al. (1991) . The influence of light treatment on BW is due to its effect on feeding activity (Morris, 1967; Weaver and Siegel, 1968) . did not suppress BW, (combined sexes), which demonstrated that there is an age-related response to photostimulation. Body weights of chickens exposed to continuous light after 4 wk of age were greater than those of the control (Group 1) that received 7 wk of continuous light. Whereas male chickens showed significant (P < 0.05) response to photostimulation, which was detected at 4 wk of age, there were no significant (P < 0.05) differences among female chickens. The differences between the sexes could be related to the release of the sex hormones. Apparently, testosterone in the males is released at an earlier age than estrogen in the females, and if the size of the testes is an indication of the development of the gland (Table 3) , then males become more active and are more responsive to photostimulation at an earlier age than the females. The mean weight of the testes of males in Group 1 (control) was slightly greater than that of Group 5. Sexual maturation for male broiler chickens is influenced by age (Aire, 1978) , light intensity (Sturkie and Opel, 1976) , and light duration (Morris, 1978) . In male chickens, primary spermatocytes begin to appear at 6 wk of age (Wilson et al., 1979) , and for female chickens light cycles shorter than 24 h often reduce the frequency of ovulation due to the inability of the ovarian follicle to mature (Morris, 1978) . Besides increasing feeding time and activity (Weaver and Siegel, 1968) , there is no reported data to suggest that early exposure to supplementary light is associated with increased BW.
Significant (P ≤ 0.05) differences in feed conversion among treatment groups occurred at 7 wk of age (Table  2) . Feed efficiency was improved significantly in Group 5, compared to the control.
Intermittent lighting of broilers has been shown to result in equal feed efficiency compared with continuous lighting (Buckland et al., 1976; Classen and Riddell, 1989; Classen et al., 1991) or improved feed efficiency (Buckland et al., 1971; Beane et al., 1979; Robbins et al., 1984) . The feed conversion ratios observed among the groups were relatively equal at 5 wk of age. The effect of photostimulation on feed conversion was similar to that of BW. By restricting the chickens in Group 5 to 4 wk of day light only during the first 5 wk of growth, the feeding hours of the chickens were controlled. Chickens in Group 1 (control) were exposed to 24 h of light for 7 wk, which allowed them to extend their feeding time and activity (Morris, 1967; Weaver and Siegel, 1968) . Extending their feeding time did not result in improved feed efficiency, suggesting that longer feeding time does not necessarily result in improved feed efficiency.
The pancreas and spleen were the only organs that were significantly (P ≤ 0.05) affected by photostimulation (Table 3) . Group 4 exhibited the largest pancreas weight and Group 3 had the smallest. Group 3 had the largest relative spleen weight and Group 1 had the smallest weight. Chickens in Group 3 (2 WL) had the lowest relative pancreas weight compared to the control. The smallest spleen weight was noted in Group 1.
There were no significant (P ≤ 0.05) treatment differences in the prechilled carcass, thigh, drumstick, and wing weights when expressed as relative weights. Chickens in Group 5 had largest breast and thigh weight (data not shown). Mortality was not significant among the groups, and the few chickens that died, died during brooding (1st wk). There were no significant leg abnormalities or evidence of Sudden Death Syndrome among the groups. Light treatment effects on prechilled carcass weights were greater in Group 5 than in Group 1. Prechilled carcass yields were highest for Group 5 when reported as absolute weight. Data for breast and thigh yields (data not shown) revealed that the actual weights of these parts were greater (P ≤ 0.05) for Group 5.
The effects of photostimulation on yield reported herein are different than the data reported previously (Renden et al., 1991) . The difference is that in our study, Group 5 chickens, which had the largest breast and thigh weights, were provided with photostimulation only during the last 2 wk of age. The weight of skeletal muscle accounts for approximately 50% of BW and increases more rapidly than BW from hatching to 10 wk of age (Kang et al., 1985) . The pectoral muscles and feathers of the chicken grow the most rapidly of any tissues or organ system (Lilja, 1983; Katanbaf et al., 1988) . The higher yield of breast and thigh meat from Group 5, compared with Group 1 (control), could be related to greater relative growth (Renden et al., 1992) . Information from this study suggests that commercial broiler chickens could be grown efficiently with day light only after brooding to 4 wk of age, before stimulation with supplementary light. Also, it is not necessary to provide supplementary lighting for female broiler chickens. The improved BW accompanied by reduced feed consumption and larger actual weights of the breast and thighs could be economically beneficial to commercial broiler growers, especially if the sexes are separated.
